Seed germination like any other growth process must depend on respiratory metabolism. Failure to germinate, therefore, may be due to breakdown in some part of the respiratory machinery. Perhaps the strongest evidence for this relationship is the success often reported (1, 2, 7, 9, 15) in estimating viability with the tetrazolium test which is known to involve dehydrogenase systems (8; 16) . Otherwise there is little information on the changes in metabolic and enzymatic activity of seeds associated with loss of viability. The most extensive enzyme work so far has been with catalase and peroxidase and the results have not established any general correlation between activity and viability (6, 11, 13) .
The plan of the present work was to explore the relationship between certain indices of respiratory metabolism and viability in corn. Alcohol and malic dehydrogenases were chosen because they were found previously (16) to be especially active in tetrazolium reduction in this seed. Cytochrome oxidase was included because there was evidence that it was the principal terminal oxidase in corn (12) . Manometric measurements of overall respiratory capacity also were made as a test of the general hypothesis that failure of respiratory metabolism is an important cause of loss in viability and in the search for clues to other enzymatic systems limiting viability. It was hoped in this way to provide a more systematic basis for the development of quick tests for viability. A practical quick test of this kind would depend on the breakdown of respiratory or enzymatic activity at an early stage of the germination process. The the tetrazolium test is available. Freezing and drying treatments were used to produce a range of viability because these approximate adverse conditions which are encountered in production and marketing.
MIATERIALS AND METHODS
Hand harvested ears were collected from three open pollinated hybrids, B6 x W22, B6 x L289, and Ia. 4297 at moisture levels of 32 to 44 %. Husked ears were frozen and/or dried to 8 to 12 % moisture under various conditions (table I) to provide lots with a wide range of germination percentages. Seeds were not disinfected because of possible danger of the fungicide affecting the metabolic properties of the excised embryos. However, lots showing surface fungal growth during germination did not have significantly higher respiratory or enzymatic activities than others of equal germination which showed no sign of contamination. Only in the case of lot 24-51a, which had visible mold damage in the embryo, was there any evidence that mold activity affected the measurements reported.
Germination tests were made with 100 seed samples on moist blotters in an alternating temperature germinator (9 hr, 300 C, 15 Both oxidase and dehydrogenase activity were determined by a rapid colorimetric technic, the former based on that of Ginter and Smith (4) and the latter developed earlier in the present study (19) . Conditions adopted for malic dehydrogenase assay were as follows: 0.032 'NI, pH 8 phosphate (Na2-K), 0.04 M, pH 8 malate, 2.9 x 10-4 M\1 diphosphopyridine nucleotide (Schwarz), 1 .08 x 10-5 M\I oxidized dye (2,6-dichlorobenzeneoneindo-3'-chlorophenol, Eastman), 0.1 M, pH 8 cyanide, sufficient pig heart diaphorase (19) to saturate the system, and sufficient diluted enzyme solution and water to make a total volume of 2.5 ml. The conditions for alcohol dehydrogenase were the same except for 0.14 Al alcohol and 0.08 M, pH 8 semicarbazide in place of malate and cyanide. The conditions for cytochrome oxidase assay were as follows: 0.04 M, pH 7 phosphate (Na2-K) 7 .2 x10 I\1 reduced dye (4), 1.4 x 10-5 Ml cytochrome c, sufficient catalase to destroy H202 in the dye, and enough enzyme suspension and water to make a total volume of 2.5 ml. The stock enzyme preparations were stable for several hours at 00 C, but after dilution at 300 C they were unstable and were used within 3 to 4 minutes and 1 to 2 minutes for the dehydrogenases and oxidase, respectively.
Reaction rates were determined at 300 C by optical density readings taken at 5 second intervals for a 1 to 2 minute period (17) . Four from the fresh weight of slices homogenized and the water content of slices determined on equivalent material by oven-drying at 1000 C.
Respiratory activity of slices suspended in 0.05 MNI, pH 6 phosphate (Na2-K) was measured in 50-ml Warburg flasks, using an 02 gas phase in the 02 and aerobic CO2 measurements (QO2 and QC02, respectively) and purified tank N2 for anaerobic CO2 measurements (QNC02). Aerobic CO2 evolution was by the two flask direct method. Gas exchange rates were linear for the one hour observation period and no significant change in bound CO2 was observed. All indices of respiratory capacity are expressed as Q values, based on oven-dry weight of slices after removal from flasks.
It should be recognized that this conventional technic for determining tissue respiratory capacity measures neither the respiration of the embryo in the intact corn seed nor the maximum capacity of the tissues. Removal of the embryo from the kernel and reduction to slices increased respiratory rates several fold. Furthermore, slices on wet filter paper showed further increase in 02 consumption and CO2 evolution of 25 %o and 70 %, respectively, as compared with slices submerged in buffer, even with an 02 atmosphere. A full understanding of the significance of these physical factors on corn embryo respiratory capacity will require further study, but for the present study of relative respiratory capacities of various seed lots the technic described proved adequate.
RESULTS AND CONCLUSIONS
The treatments and viability analyses of the 31 lots are summarized in As far as the present data go, it appears that the 18-hour sample occurred at a time when activation of existing enzymes was complete and new enzyme synthesis was underway. It is also evident that substantial amounts of respiratory enzymes were already present in the dry seed. The relationship among the metabolic and viability indices must be examined in terms of sample means of the various lots, and this is most conveniently done by the following graphical comparisons. Ultimately, it would be desirable to know the relationship between the metabolic activity of individual seeds and their ability to germinate, and some inference in this regard also may be possible. This was attempted by comparing the variation in metabolic indices among the lots with germination with what would be expected if all live seeds retained maximum metabolic activity and all dead seeds had none. This would result in a linear regression line from 0 % germination and 0 metabolic activity to 100 % germination and maximum metabolic activity, referred to hereafter as the " all or none " relationship. Figure 1 shows that oxygen consumption of the various lots at 18 hours was closely related to the germination percentage. The major deviations from a linear correlation were with the mold damaged sample 24-51a and 3 lots, 3-52, 9-52, and 13-52, which contained a large nuimber of seeds which initiated growth but failed to produce normal seedlings and were not counted as germinated. These seeds probably had nearly normal respiratory activity at figure 3 , with two noteworthy differences. First, there was less evidence of enzyme activity in nonviable .eeds, thouglh soome lots in the 10 to 40 % germination range had somewhat higher enzyme activity than would be expected from the germination percentage (" all or none " basis). Also, as in the case of malic dehydrogenase, the 3 lots with abnormal seeds had high alcohol dehydrogenase activity. Second, 3 lots in the region of 50 % germination had such low enzyme activity that some seeds must have suffered very severe reduction in activity without losing viability. On the whole, alcohol dehydrogenase seemed to be more sensitive than malic dehydrogenase to the conditions causing lowered viability, but there was less likelihood that it was the limiting factor.
The greater variability of cytochrome oxidase in relation to germination is evident in figure 4 5) shows that cytochrome oxidase probably did not limit 02 consumption except perhaps in lots of very low 02 consumption. On the whole, the oxidase activity found was sufficient to support less than half the observed O, consumption, which indicated that it may not be the principal terminal oxidase in corn embryos. Figure 6 shows that the correlation of malic de- hydrogenase activity with 02 consumption was much higher than in the case of the oxidase, though it is clear that considerable activity must have remained in nonrespiring seeds. For this reason and because the level of malic dehydrogenase activity was many times greater than that necessary to account for the observed 02 consumption, it seems probable that this dehydrogenase was not limiting respiration but was merely highly correlated with another enzyme or other enzymes which did. A similar comparison of alcohol dehydrogenase activity and anaerobic CO2 evolution in figure 7 shows a rough proportionality, with the exception of the 3 lots previously mentioned which were very low in enzyme activity but in which about half the seeds were viable. As with malic dlehvdrogenase, the al- 
